Electron microscopy of cartilage proteoglycans.
The proteoglycans of cartilage are complex molecules in which chondroitin sulphate and keratan sulphate chains are covalently linked to a protein core, forming a polydisperse population of proteoglycan monomers. By interaction with hyaluronic acid and link proteins, the monomers form large macromolecular complexes. In vivo the proteoglycans mainly occur in such aggregates. In the electron microsope, the cartilaginous matrix can be seen to be made up of thin collagen fibrils and polygonal granules about 10-50 nm in diameter Addition of the polyvalent cationic dye Ruthenium Red to glutaraldehyde and osmium tetroxide fixatives yields a dense selective staining of the matrix granules. Following a short digestion of cartilage slices with either of the chondroitin sulphate-degrading enzymes hyaluronidase and chondroitinase or with the proteolytic enzyme papain, the matrix granules were few in number or completely absent and the proteoglycan content, measured as hexosamine, decreased by up to 90%. Similarly, extraction of the cartilage with 4 M guanidine-HCl removed all matrix granules and most of the proteoglycans. From these findings, it can be concluded that the matrix granules represent proteoglycans, most probably in aggregate form, and that Ruthenium Red staining may be used to study the distribution of these macromolecules in thin sections. As a complement to chemical studies on proteoglycan structure, it is also possible to observe and measure individual molecules in the electron microscope after spreading them into a monomolecular layer with cytochrome c. This technique has been applied in investigations on proteoglycans isolated from bovine nasal cartilage and other hyaline cartilages. The molecules in the monomer fractions appeared as an extended central core filament to which about 25--30 side-chain filaments were attached at various intervals. The core filament, averaging about 300 nm in length, was interpreted as representing the polysaccharide binding part of the protein core and the side-chain filaments, averaging about 45 nm in length, as representing the clusters of chondroitin sulphate chains. Statistical treatment of the collected data indicated that no distinct subpopulations existed within the monomer fractions. The electron microscopic results correlated well with chemical data for the corresponding fractions and together with recent observations on various aggregate fractions strongly support present concepts of proteoglycan structure.